Abstract. The aberrant expression of microRNAs (miRs) may be involved in tumor growth and progression in human non-small cell lung carcinoma (NSCLC). The present study aimed to investigate the potential roles of miR-191 in NSCLC. Western blotting and reverse transcription-quantitative polymerase chain reaction were performed to assess protein and/or mRNA levels. Scratch wound healing and transwell assays were performed to determine the NSCLC cell migration and invasion.
Introduction
Lung cancer has been reported to be the leading cause of cancer-associated death (1) . Non-small cell lung carcinoma (NSCLC), with a 5-year survival rate of only 11%, accounts for ~80% of cases of lung cancer (2) . The majority of cases of mortality due to cancer are caused by tumor invasion and metastasis, which have been acknowledged as the major reasons for disease progression and therapy failure (3) . Therefore, the inhibition of tumor metastasis may be an important anti-cancer strategy.
MicroRNAs (miRNAs or miRs) are a group of small non-coding RNAs (18-22 nucleotides) , which can regulate the expression of target mRNAs by binding to their 3'-untranslated region (UTR) (4) . miRNAs are associated with a variety of cellular functions, including proliferation, apoptosis, differentiation and migration (5) . miRNAs have emerged as important gene regulatory molecules in various cancers, functioning either as tumor suppressors or oncogenes; their aberrant expression and dysregulation are closely associated with the progression of cancer (6, 7) . These functional miRNAs may be ideal diagnostic biomarkers and therapeutic targets for cancers. Among these functional miRNAs, miR-191 was reported to be notably upregulated and acted as an oncogenic member in breast (8) , gastric (9) and pancreatic cancers (10) , hepatocellular carcinoma (HCC) (11) , colorectal carcinoma (CRC) (12) , and intrahepatic cholangiocarcinoma (ICC) (13) . The oncogenic effects of enhanced miR-191 expression levels are exerted on a number of cancer-specific signaling pathways. For example, the signal cascades, including miR-191-Ten-eleven translocation (TET) methylcytosine dioxygenase 1a-p53 and miR-191-ubiquitin-specific peptidase 10-p53 were identified as pivotal pathways that promote the invasion and progression of ICC and pancreatic cancer, respectively (10, 13) . Increased miRNA-191 expression levels induced the invasion and migration of CRC cell lines via the downregulation of tissue inhibitor of metalloproteinase 3 (TIMP3), thus upregulating its downstream gene, matrix metalloproteinase 3 (12) . TIMP3 was also identified as a target gene regulated by miR-191 in HCC cell lines (14) . Despite advances in understanding the oncogenic roles of MicroRNA-191 targets CCAAT/enhanced binding protein β and functions as an oncogenic molecule in human non-small cell lung carcinoma cells miR-191 in various human cancers, the role of miR-191 in NSCLC requires further investigation. CCAAT/enhanced binding protein β (C/EBPβ), a member of C/EBP family of transcription factors, serves a critical role in the modulation of cell growth and development (15, 16) . The roles of C/EBP in various cancers, including NSCLC, have been discussed previously (17, 18) . Some evidence suggests that C/EBPβ may act as a key factor for cancer development; however, its role is reportedly controversial: Although C/EBPβ has been observed to be upregulated and to act as an oncogene in CRC (19) , ovarian (20) and prostate cancers (21) , as well as glioma (22) , it has also been demonstrated to act as a tumor suppressor by inhibiting tumor migration in breast cancer (23, 24) and HCC (25) .
Given the pivotal roles of miR-191 in tumor progression, it was speculated that miR-191 may be associated with NSCLC invasion and metastasis. In the present study, the expression of miR-191 in HSCLC tissues was investigated; the overexpression of miR-191 was demonstrated to induce the migration and invasion of the A549 NSCLC cell line. Bioinformatic prediction and luciferase reporter assays suggested that C/EBPβ was a direct target of miR-191. The present results indicated that miR-191 may act as a potent promoter of tumorigenesis in NSCLC possibly through the negative regulation of C/EBPβ, which may suggest a novel mechanism and provide a basis for the diagnosis and therapy for NSCLC patients.
Materials and methods
Patient samples. Tumor samples and their corresponding adjacent tissues were collected from 30 patients (age range, 32-71 years) with NSCLC admitted to Anqiu People's Hospital (Anqiu, China) between April 2016 and March 2017. These clinical samples were frozen immediately in liquid nitrogen and stored at -80˚C until use. Patients were included in the present study if they had not received chemotherapy or radiotherapy prior to recruitment. Details on the patients' characteristics, including gender, age, grade and stage are presented in Table I . Written informed consent was obtained from all patients and all study protocols were approved by the local ethics committee of Anqiu People's Hospital (Anqiu, China).
Cell culture. The human NSCLC cell line A549 and human embryonic kidney cells 293T were purchased from the Shanghai Cell Bank, Chinese Academy of Sciences (Shanghai, China). Cells were cultured in RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), supplemented with 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.), 100 IU/ml penicillin and 100 mg/ml streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.), and incubated at 37˚C in a humidified atmosphere of 5% CO 2 . Cells were passaged at 90% confluence with 0.25% Trypsin-EDTA. 
RT-qPCR.
To detect expression of miR-191, total RNA was extracted from the tissues of patients with NSCLC or A549 cells using the mirVana miRNA isolation kit (Ambion; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. Total RNA was subsequently transcribed into cDNA using a TaqMan MicroRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). RT-qPCR analysis was performed using TaqMan Advanced miRNA assays (Thermo Fisher Scientific, Inc.) according to the protocols of the manufacturer under the following thermocycling conditions: 95˚C for 2 min, followed by 30 cycles at 94˚C for 45 sec, 55˚C for 55 sec, 72˚C for 1 min and 72˚C for 10 min. To quantify the amount of C/EBPβ mRNA, total RNA was extracted from the tissue samples of patients with NSCLC or A549 cells at 48 h post-transfection using an RNeasy Mini kit (Qiagen, Inc., Valencia, CA, USA), and transcribed into cDNA using a primeScript ® RT reagent kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA). A SYBR green qPCR assay kit (Qiagen, Inc.) was carried out to measure C/EBPβ expression levels. U6 and a-GAPDH were used as internal controls for miR-191 and C/EBPβ, respectively. Samples were tested in triplicate, and the differences in threshold cycles between the target genes and house-keeping genes (U6 in miRNA and GAPDH in mRNA) were calculated using the 2 -ΔΔCq method (26) . The primers used were as follows: miR-191, forward 5'-AAG GGA ATC TTT CTG CAC TCA AGC AT-3' and reverse 5'-ATG CTT GAG TGC AGA AAG ATT CCC TT-3'; U6, forward 5'-CTC GCT TCG GCA GCA CA-3' and reverse 5'-ACG CTT CAC GAA TTT GCG T-3'; C/EBPβ, forward 5'-TTC AAG CAG CTG CCC GAG CC-3' and reverse, 5'-GCC AAG TGC CCC AGT GCC AA-3'; and GAPDH, forward 5'-GAA GGT GAA GGT CGG AGT C-3' and reverse 5'-GAA GAT GGT GAT GGG ATT TC-3'.
Western blotting. A549 cells were transfected with miR-191 for 48 h, as detailed above. For the immunoblotting analysis of C/EBPβ, the cells were lysed in ice-cold lysis buffer containing a protease inhibitor cocktail (Roche Diagnostics, Basel, Switzerland), and the protein extracts were denatured in a boiling water bath for 10 min. The concentration of protein was determined using a bicinchoninic acid kit (Thermo Fisher Scientific, Inc.). Total protein (30 µg) was separated by 10% SDS-PAGE and transferred to nitrocellulose membranes. Following blocking with 5% skimmed milk overnight at 4˚C, the membranes were incubated with primary antibodies against C/EBPβ (ab53138; 1:1,000) and GAPDH (ab9485; 1:1,000; both Abcam, Cambridge, MA, USA) overnight at 4˚C, followed by incubation with horseradish peroxidase-conjugated secondary antibodies (ab205718; 1:2,000; Abcam) at room temperature for 60 min. The target protein was detected with a chemiluminescent kit (GE Healthcare Life Sciences, Little Chalfont, UK). Protein was quantitatively analyzed using Image J 1.48 u software (National Institutes of Health, Bethesda, MD, USA).
Scratch-wound healing assay. Transfected A549 cells were cultured in 6-well plates until 90% confluence was attained. Scratches were formed by drawing two parallel lines with a 10 µl sterile pipette tip. Any cellular debris were removed by washing the cells three times with PBS. The scratched layer was then incubated in fresh media at 37˚C. The area of migration was measured at 0, 12 and 24 h under a light microscope (magnification, x200).
Transwell invasion assay. Invasion assays were performed using a Neuro Probe Standard 24-well Chemotaxis Chamber (pore size, 8 µm; EMD Millipore, Billerica, MA, USA) following the manufacturer's protocol. Briefly, the filter inserts were coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA). A total of 100 µl of 3x10 5 /ml transfected A549 cells were added into the inserts (top chamber) with serum-free medium (RPMI 1640), and the bottom chambers were coated with 1 ml 10% FBS-containing media. Following 24 h incubation at 37˚C, non-migrated cells in the top chamber were removed and inserts were fixed in methanol at room temperature for 10 min. The inserts were then stained with crystal violet staining solution at room temperature for 5 min and the cells in five randomly selected fields were counted under a light microscope (Olympus Corporation, Tokyo, Japan; magnification, x200).
Dual-luciferase reported assay. C/EBPβ was predicted to be a target gene of miR-191 based on analysis with TargetScan (http://www.targetscan.org). The 3'UTR sequence of C/EBPβ was amplified by PCR from genomic NSCLC cell DNA as aforementioned and then inserted into the multiple cloning site downstream of the luciferase reporter gene in the pMIR-REPORT™ luciferase plasmid (Thermo Fisher Scientific, Inc.) to construct the luciferase reporter plasmid (C/EBPβ 3'UTR wt). To generate the C/EBPβ 3'UTR mutated reporter (C/EBPβ 3'UTR mut), several nucleotides in the C/EBPβ 3'UTR that bind the seed region of miR-191 were mutated via PCR as described previously (26) . All constructed plasmids were verified via DNA sequencing also as described previously (26) . C/EBPβ 3'UTR wt or mut, and miR-191 or NC mimic were transfected into 293T cells using Lipofectamine 2000. After 24 h, the cells were lysed and their luciferase activities were measured using a dual-luciferase detection kit (cat. no. RG027; Beyotime Institute of Biotechnology, Haimen, China) according to the manufacturer's instructions. The levels of firefly luciferase were presented as a ratio to Renilla internal control. Primers for mutant construction were as follows: Forward, 5'-AAG GGA ATC TTT CTG CAC TCA AGC AT-3' and reverse 5'-ATG CTT GAG TGC AGA AAG ATT CCC TT-3'.
Bioinformatics analysis. The potential targets of miR-191 were predicted by TargetScan (https://www.targetscan.org) and PicTar (http://pictar.mdc-berlin.de/). The search term used was has-miR-191.
Statistical analysis. All results were analyzed using GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla, CA, USA) and the values were presented as the mean ± standard deviation from at least three independent experiments. Statistical significance was analyzed using paired or unpaired Student's t-test. One-way Analysis of variance with Turkey's post hoc test was performed to analyze the differences among multiple groups. The clinical information of the patients was examined 
Results

The expression of miR-191 and C/EBPβ in the tumors of patients with NSCLC
. miR-191 has been reported to be highly expressed in a variety of solid cancers. RT-qPCR analysis was performed to determine the expression levels of miR-191 in human NSCLC tissues. It was demonstrated that miR-191 expression levels in tumor tissues were significantly higher than those in adjacent non-tumor control, while the expression of C/EBPβ was significantly downregulated ( Fig. 1; P<0.01) . The associations between miR-191 expression and clinical characteristics were further analyzed (Table I) . A significant association was observed between miR-191 expression, grade and metastasis (P= 0.005 and 0.013, respectively). No significant differences were observed between miR-191 expression and other clinical data, including gender and age. The results also demonstrated that there may be a strong association of miR-191 expression and NSCLC progression. 
Effect of miR-191 mimics and miR-191 inhibitor on miR-
Effects of si-C/EBPβ on the expression of C/EBPβ in A549
cells. The potential roles of si-C/EBPβ in NSCLC were further explored. The results demonstrated that the mRNA level of C/EBPβ was significantly downregulated following the transfection of siRNA1 and siRNA2, and the siRNA1 was more potent (Fig. 3A; P<0 .01), which is in accordance with the protein level ( Fig. 3B and C; P<0 .01).
miR-191 promotes NSCLC cell migration and invasion in vitro.
The effects of miR-191 on the migration and invasion of A549 cells were evaluated. As measured by the scratch-wound healing assay, miR-191 mimic significantly enhanced cell monolayer restoration in A549 at 24 h ( Fig. 4A; P<0 .01), while miR-191 inhibitor exhibited the opposite effect ( Fig. 4B; P<0.01 ). In accordance with these findings, miR-191 mimic significantly elevated the number of migratory cells through the Matrigel basement membrane as observed by the Transwell invasion assay at 24 h ( Fig. 5A ; P<0.01), whereas miR-191 inhibitor exhibited the opposite effect ( Fig. 5B; P<0.01) . Together, these data indicated that miR-191 promotes the ability of A549 to migrate and invade in vitro. assays were employed to detect the mRNA and protein expression levels of C/EBPβ in miR-191-transfected A549 cells. RT-qPCR analysis demonstrated that miR-191 significantly inhibited mRNA and protein expression of C/EBPβ ( Fig. 6A ; P<0.01). Conversely, miR-191 inhibitor exhibited the opposite effects ( Fig. 6B; P<0 .01). These data suggested an inverse association between miR-191 and C/EBPβ expression levels.
C/EBPβ is the direct target of miR-191.
Based on computational prediction, C/EBPβ has been identified to be a direct target of miR-191 (http://www.targetscan.org and http://pictar. mdc-berlin.de/). Sequence analysis revealed that C/EBPβ contains a putative binding site of miR-191 located in the 3'UTR (Fig. 7A) . To confirm the direct interaction between miR-191 and C/EBPβ, two luciferase report plasmids were constructed, C/EBPβ 3'UTR wt and C/EBPβ 3'UTR mut, and a dual luciferase reporter assay was performed. Transfection with miR-191 mimic suppressed the luciferase activity of C/EBPβ 3'UTR wt ( Fig. 7B; P<0.01) . Mutation of four nucleotides in the predicted miR-191 binding site abolished 
Knockdown of C/EBPβ mimics the effect of miR-191 mimics.
Finally, to determine the roles of C/EBPβ in lung cancer, A549 cells were transfected with C/EBPβ siRNA, and the migration and invasion of cells were examined. It was observed that C/EBPβ siRNA could mimic the effects of miR-191 by promoting the migration and invasion ability of A549 cells ( Fig. 8A and B ; P<0.01).
Discussion
Aberrant expression of miRNAs is linked with multiple human cancers, indicating that miRNAs may be potential therapeutic targets or biomarkers in human cancers as they can modulate gene expression and a variety of cellular pathways (27) . Dysregulation of miRNAs can disrupt tightly regulated RNA networks and thereby suppress or enhance the progression of cancer (28) . In this regard, the identification of dysregulated miRNAs and their target genes may improve current knowledge of the molecular mechanisms underlying tumorigenesis. miR-191 has been reported to be upregulated in multiple human cancers and may promote tumor growth and metastasis (10, 11, 13) . In the present study, a significant upregulation of miR-191 was observed in NSCLC tumor samples compared with in adjacent normal tissue. Furthermore, it was observed that high expression levels of miR-191 were associated with clinical stage and metastasis in patients with NSCLC. Consistent with previous publications, these findings strongly support the potential role of miR-191 as an oncogenic gene in NSCLC. To clarify its role in NSCLC pathogenesis, in vitro functional studies were performed in the NSCLC cell line, A549. These results demonstrated that exogenous miR-191 may promote the migration and invasion of A549 cells; however, the underlying molecular mechanism of miR-191 in NSCLC remains unclear.
Bioinformatics analysis identified C/EBPβ as a direct target of miR-191. C/EBPβ may be involved in the regulation of normal and cancer cell proliferation. For example, enhanced expression of the C/EBPβ isoform liver-enriched inhibitory protein was observed in advanced cases of breast and ovarian cancers, and CRC (19, 20, 24) . Previously, an overall increase of in C/EBPβ expression was noted in squamous cell carcinoma (29) . However, controversial findings have been reported in which the aberrant expression of C/EBPβ promoted cell death in other cancers, such as melanoma (30) . The present data support certain previous findings (30, 31) ; it was observed that the transfection with miR-191 mimic induced a significant decrease in the expression of C/EBPβ, and transfection of miR-191 inhibitor exhibited the opposite effects. Finally, the dual luciferase assay confirmed the direct regulation of C/EBPβ mediated by miR-191, and C/EBPβ siRNA can mimic the effects of miR-191.
In conclusion, the present findings demonstrated a positive association between miR-191 and NSCLC development. miR-191 may promote the migration and invasion of A549 cells in vitro partially due to the regulation of its direct target gene, C/EBPβ. The underlying mechanisms of C/EBPβ promoting the invasion of A549 remain to be elucidated.
